Introduction
Improvement of take-off and landing characteristics of wide-body transport aircraft remains one of the prioritized tasks whose innovative solution will increase profitability per flight. In general, particular interest is dedicated to shorten take-off and landing phases for achieving less fuel burn and noise as well as preserving urban resources by minimizing runway lengths and airport areas.
Short landing can be performed by implementing three methods: aerodynamic, mechanical, and thrust vectoring. Mechanical method utilizes landing gear braking system to utilize friction for aircraft deceleration, while thrust vectoring is using thrust reversers for some backward reaction force generation. Aerodynamic method as the most widespread is based on the full deployment of high-lift devices, namely, air-brakes and lift-dumpers in addition to various types of conventional and unconventional spoilers (Mertol, 2008) . Besides, posterior/tailmounted and fuselage-mounted dorsal air-brakes were applied, for instance, in Buccaneer and passenger aircraft BAE-146 (Jung, 2012) . The application of sectioned control surfaces for drag increase during landing mode were previously introduced and implemented. For example, chord-wise split elevons designed for B-2 are used for quick deceleration and trim (Jung, 2012) . In addition, both by symmetrical deflection of SR and SE sections up to 15-45 o after touchdown, a procedure synchronized with the deployment of high-lift devices and thrust reversers. Preliminary computational analysis within the framework of this research showed landing run shortening of 5.6% when thrust reversers are on and 7.1% when the latter is off. During abnormal weather conditions, every increase of headwind speed by 1 m/s may contribute further shortening of ~2.5% (Bazuhair, 2018) . As a conclusion, sectioning rudder and elevator was introduced as effective integrated air-brakes. However, untrimmed pitching, rolling, and yawing moments were discovered after full deflection of the SR and SE sections primarily created by the different arm lengths of aerodynamic forces at each section of the said control surfaces on the corresponding HS and VS.
In this work, all effort is devoted to investigate operational approaches capable of maintaining aircraft balance during a straight-line landing under standard weather conditions.
CFD simulation and validation
Geometric and aerodynamic inputs for the numerical study to solve the stability and trim mathematical equations were imported from the computational analysis of the Russian aircraft Il-86. Firstly, a three-dimensional model for of Il-86 with landing configuration was designed in SOLIDWORKS-2016 based on data from (Bekhtir, 1991) , and further simulated using the built-in Flow Simulation package with k-ɛ intensity and length turbulence model code (Alyamovsky, 2012) . Flow Simulation is a software fully integrated in SOLIDWORKS for computing fluid (gas or liquid) flows inside and outside SOLIDWORKS models, as well as heat transfer to (from, between, in) these models due to convection, radiation, and conduction with a proved CFD technology based on solving RANS equations (Dassualt-Systems, 2015) . Structured mesh statistics, simulation settings and validation results were detailed in (Bazuhair, 2018 
Numerical analysis and discussion
Further analysis utilizes a mathematical model with geometrical and aerodynamic variables and constants indexed in accordance with the general form (j. k) explained as follows: "j" stands for tail part, i.e. elevator (symbolized as -e.) or rudder (symbolized as -r.), while "k" refers to the location of the attached control surface section to "j" with respect to the horizontal axis Ox of aircraft-body coordinate system, where: right/left -r/l, root/tip -r/t, and lower/upper -l/u. For example, the index "r.rr" below r.rr A is read as: "area of the right root sections of SR", see notions for additional examples. Calculations are run assuming these design parameters and operational considerations:
1. For analysis simplification, the investigated unsteady motion of aircraft is assumed to occur on three or more contact points with runway surface within a timeframe starting from touchdown to stop. Accordingly, aircraft may be observed as a rigid body with applied aerodynamic and inertial forces including L α , D α , W l , and T 1j,2j with magnitude of nominal or reverse thrust mode values and relevant vector direction as well as F n and F r.k along with the relevant N n and N r.k . Additionally, aerodynamic forces L j.k , D j.k , and Z j.k from HS and VS, when SR and SE are symmetrically deflected are considered. Aerodynamic forces L al and D al created by slightly deflectable ailerons may be introduced. Products of each said concentrated and distributed forces multiplied by distances or force arms to the relevant local aerodynamic centers and GC form the static and control moments shown in Figure 2 . against experimental data provided by (Bekhtir, 1991) Consequently, when neglecting deformation of tires and shock-absorber struts at the moment of touchdown body-axis moment equations can be written as sums of moment coefficients projected on Oxy ,Oxz, Oyz as depicted in Figure 2 : 
In general, design of sectioned control surfaces provides control system reliability enhancement and longitudinal and directional controllability improvement at cruising speed (Bekhtir, 1991) . Area of rudder and elevator usually is split in half to ensure an equal distribution of the spanwise structural loads on each section.
Let us consider system of Eqs (1)- (3) for aircraft of a conventional landing configuration with respect to the described parameters and considerations in assumptions (1-3). Obviously, one observes the opposite. However, for safe and stable landing run pressure on wheel brakes should not exceed the levels approved by the manufacturer the braking system. In addition, excessive wear of brakes and one or more tires should be always avoided (FAA, 2018) .
Full deployment of air-brakes decelerates aircraft and significantly reduces effectiveness of its control surfaces including SR and SE as exemplified in Figure 5 . Numerical solution of Eq. (5) 
In general, airplane handbooks allow aileron implementation for directional control in takeoff and landing modes as they still effective if not leading to unpredicted consequences. Moreover, transport aircraft are also allowed to use rudder and aileron for landing stabilization during crosswinds (FAA, 2017 (FAA, , 2018 . Note that the term δ al y m in Eq. (9) also should count the effect of asymmetrical flow around ailerons due to Il-86 wing geometric twist, which approximately is -3° -(-4°) at low airspeeds (Bekhtir, 1991) . When left aileron is deflected upwards, it creates more aerodynamic forces than the right one that is deflected downwards. Mechanical approach suggests turning front wheel with δ n to recover straight-forward landing run. Accordingly, on Table 1 trim angles δ al and δ n are listed. Note that trimming δ n is small, while δ al is effective only within a short segment of runway length, where V l > 30 m/s. In scenarios where it is allowed, pilot may use differential braking to maintain directional control (FAA, 2018) . This is implied by solving Eq. (5) m differential braking is expressed as follows (Buchkarev et. al, 1985) :
Both operational approaches overload pilots with extra physiological stress, especially for aircraft with high V l . One of the key constraints on the landing process is that it should not require exceptional skills or excessive force from the pilot (FAA, 1997). Simultaneous or successive switching of lift-dampers, spoilers, flaps and slats along with braking and nose wheel steering and thrust reversers may distract and overload pilot threatening safety of landing (FAA, 2018) . Therefore, modern aircraft are equipped with automatic braking and AHLCS integrated with the automatic landing program. Further modification aimed to prevent extreme deviations of landing parameters can remove significantly the possible extra stress during manual piloting.
Operational approaches depend on dynamic balancing measurements. However, they are replaceable by built-in angle deflection limitations introduced at early design stages of the flight control system. Deflection angles δ r.u may be structurally constrained for ensuring 
Unlike operational approaches, setting SR at ′ δ r.u reduces air-braking efficiency manifesting a disadvantage of this approach. In addition, complete elimination of the potential extra physiological stress may remain unachieved since In fact, effects of SE symmetrical deflection on the total pitching moment are complex. For sweptback HS, difference between distances to GC from local aerodynamic centers on deflected surfaces, i.e. e.t
x and e.t y are a bit farther than e.r x and e.r y . This creates Rz m increasing the probability of a tailstrike at touchdown. Avoiding such consequences is achievable by deflecting SR and SE exclusively after touchdown simultaneously with thrust reversing. For Il-86 with center-of-gravity position 16-33% of MAC (Bekhtir, 1991) -0.038
as seen in Figures 8-9 . However, pitching moments generated by friction, normal, and drag forces from landing gear wheels and struts trim Rz m . In general, while taxing 80-85% of W l is borne by main landing gear leaving 20-15% for nose landing gear (Mkhitaryan et al., 2012) . This distribution may vary depending on landing conditions. For instance, when SE are symmetrically deflected according to δ = −δ 
Here, = 
Similarly, such a limited ′ δ e.t reduces SE air-braking efficiency, which should be avoided.
For aircraft with adjustable-incidence tailplane an alternative method consisting in deflecting HS to some j tr can be implemented. Such an approach trims the additional moments onsequently, this enables avoiding implementing ′ δ e.t and simplifies necessary modifications in the longitudinal stability control system. Formula of j tr can be written in an expanded form as follows: 
Conclusions
With the aim of addressing remarks outlined in a previous numerical study concerning few landing run phase instabilities emerging after the deflection of tail part split control surfaces for shortening landing run of Il-86 aircraft this work detailed a number of operational and mechanical approaches proposed to maintain aircraft balance during a straight-line landing run under standard weather and runway conditions. Mechanical approach is disadvantageous and less competent because it requires re-design of control surfaces attachments to include structural limiters of deflection angles. In contrary, operational approaches comprise of less system architecture complexity and suggest manual or automatic differential braking, nose wheel steering, aileron, and/or adjustable-incidence tailplane setting at specific trimming angles to offset the untrimmed small pitching, yawing, and rolling moments peaking directly after touchdown. The quick deceleration during the landing run causes rapid attenuation of these moments until reaching 30 m/s where they become insignificant. Up-to-date automatic high-lift and braking systems incorporated in modern aircraft control programs provide the basis for successful modification of sectioned rudder and elevator control algorithms to qualify for safe and effective application as air-brakes without overloading pilot or requiring his exceptional skills.
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Re -Reynold's number; α -angle of attack;
C Dα -drag coefficient at given α; C Lα -lift coefficient at given α; α d -wing design angle of attack;
W l -landing weight of aircraft; T 1j -thrust from pair engines 1; T 2j -thrust from pair engines 2; F n -friction force from nose wheel; F r.k -friction force from "k" nose wheel; N n -normal force from nose wheel; N r.k -normal force from "k" rare wheel; L j.k -lift from slightly deflected at "j.k"; D j.k -drag from slightly deflected at "j.k"; Z j.k -lateral force from slightly deflected at "j. x -relative center of incremental lift caused by full deployment of high-lift devices, or so-called "second" focus; ∆ HL La C -incremental lift coefficient caused by full deployment of high-lift devices; j tr -deflection angle of adjustable-incidence tailplane;
